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Girls still face biases and barriers in specific fields of their education, such as mathematics and sciences. Educators should, thus, 
be aware of those biases and barriers and redesign their teaching strategies to embrace gender-sensitive methodologies. 
Of the characteristics in which gender differences persist, cooperation and competitiveness have been paid particular attention 
from educational researchers, because they shape social relations among students and affect their performance. The purposes of 
this paper are to (i) provide a succinct review of relevant literature regarding the importance of studying student questioning, the 
still existing gender gap in Higher Education, and gender differences in cooperation and competitiveness, (ii) describe two 
strategies implemented in a mixed-gender first year chemistry broad foundation class at the University of Aveiro (Portugal) 
where evidences of those differences were found, (iii) resume the methodological approach, which included interviews to an 
equal number of male and female students, (iv) present, analyze and compare evidences of male and female tendency to 
cooperate and compete in the mentioned Higher Education class, and (v) discuss the limitations of our study and point out 
improvements that could be made in further studies.  
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Organizing Committee of WCES 2014. 




       Despite the fact that both males and females wish to gain the approval of their in-group members, the actions 
that are socially desirable differ across gender. When observed by their peer group, women and men react 
differently. Women are described in the literature as being substantially more cooperative than men (Charness & 
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Rustichini, 2011; Hong & Lin, 2011).And men, on their turn, are more portrayed as more competitive than women 
(Gneezy, Leonard & List, 2009). Mini research projects (MRP) and device experiments (DE) are two strategies that 
were implemented in two mixed-gender Chemistry classes, during one semester, at the University of Aveiro 
(Portugal). Our two-folded aim was to foster student’ questioning habits and to identify evidences of gender 
differences regarding cooperation and competitiveness. To better illustrate our study we organize this paper as 
follows. In the first section we provide a brief review of the literature that is relevant for our study, including that 
concerning gender differences in cooperation and competitiveness. In the section that follows we describe the 
strategies developed to enhance student questioning and report the main findings. In the third section we systematize 
the results of the study. In the fourth section we offer some discussion and in the last section we elaborate on our 
conclusions and limitations of the study. 
 
2. Brief review of the literature 
 
2.1. Gender in Higher Education 
 
Currently girls participate equally or more than males at all education levels, including Higher Education (Wood, 
2009). However, literature refers that women still face biases and barriers in specific fields of science and 
mathematics (Wood, 2009). Educators should, thus, be aware of those biases and barriers and adapt their strategies 
and teaching approaches to diminish them. When planning classes and developing gender-sensitive methodologies, 
teachers and educational researchers should have in mind those characteristics that vary between the genders and 
develop strategies that are equally friendly to both genders. 
 
2.2. The need to stimulate student questioning 
 
Avoiding verbal participation in classroom represents a limitation for the academic achievement of students 
(Neer, 1990). Because of the rejection of verbal participation, students tend to raise fewer questions and this can 
harm their academic success. Several authors hold that fostering a true questioning spirit of students from the first 
year on can result in an improvement on the quality of teaching and, accordingly, on the quality of learning (Chin & 
Osborne, 2008; Hofstein, Navon, Kipnis & Mamlok-Naaman, 2005). If teachers and educational researchers manage 
to encourage students’ verbal participation, and student questioning in particular, their academic success will very 
likely improve. 
 
2.3. Gendered cooperation and competitiveness  
 
2.3.1. Cooperation 
Cooperation, understood as a performance situation that is structured in such a way that the success of any one 
member of the group improves the chances of other members’ succeeding (10:382), has been extensively described 
as being gender-dependent. Women cooperate substantially more often than males (Charness & Rustichini, 2011). 
and show consistently more positive attitudes towards cooperation than males (Gneezy, Leonard & List, 2009). It is 
important for women that the group their in recognizes their will to help others succeeding, i.e. cooperate. 
2.3.2. Competitiveness 
Competition, a performance situation that is structured in such a way that success depends on performing better 
than others (10:382), has also been described as gender-dependent. Men show consistently more positive attitudes 
towards competition than women (Hogarth, Karelaia & Trujillo, 2012)opt to compete more often than women 
,perform better than women as the competitiveness of the environment increases (Gneezy, Niederle & Rustichini, 
2003)and are more competitive than women, particularly when competition is a riskier alternative or yields a greater 
payoff. A crucial aspect for our study that is revealed in the literature is that “competition is a powerful motivator of 
behavior” (10:382). We are thus lead to believe that males will respond more, and more promptly, than women to 
the teaching-learning-assessment strategies that teachers implement, if they find them competitive. 
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3. The context: mini-research projects and device experiments 
 
Mini research projects (MRP) and device experiments (DE) were two strategies to foster student questioning that 
were implemented in two mixed-gender Chemistry classes of science and engineering students, during one semester, 
at the University of Aveiro (Portugal). The students’ response to those two questioning settings was analyzed in 
pursuit of gender differences regarding cooperation and competitiveness. For MRP students were given the 
opportunity to creatively develop a small group project on a chemistry topic based on one article previously selected 
by the lecturer. Students had to formulate the research questions that would guide the development of the project, 
they could meet with the lecturer throughout the semester to clarify any aspect which wasn’t clear; and they had to 
attend the presentation session at the end of the semester, during which students had to pose questions to other 
groups and answer any questions posed by other students to their projects. Participation in MRP was voluntary and 
entirely done outside formal classes. Students could choose whom they wanted to work with and organize 
themselves in groups of 2 students. The 12 students (7 male and 5 female) that managed to finish the MRP were 
organized in 3 mixed gender groups, 1 only female group and 2 only male groups. Students who enrolled in the 
MRP and succeeded could enhance their grades by a margin of 2 out of 20. It was thus expected that the most 
competitive ones would enroll. DE were small science demonstrations made by a lab technician to small groups of 4 
students. Participation in DE was voluntary, but students were previously selected and invited to participate 
according to their grades. Students with better grades were preferred. Gender balance was taken into consideration 
to the arrangement of groups, resulting one only-male group, one only-female group and one mixed-gender group (2 
male and 2 female). After the demonstration students were asked to discuss among their group what was their 
interpretation of what had happened and together formulate the questions that they considered that would need to be 
posed to provide an explanation for the challenging situation presented. The demonstrations and following 
discussions were audio and video recorded, and later transcribed. Participation and performance in DE wouldn’t 
affect the course assessment.  
 
4. Results: male and female questioning 
 
4.1. Mini-research projects (MRP) 
 
Table 1 systematizes the number of questions posed by male students and by female students, either during the 
meetings with the lecturer throughout the semester, or during the presentation session at the end of the semester.  
 
                                     Table 1. Number of questions posed by students during MRP 
Gender of the students Questions posed during group 
meetings with the lecturer 
Questions posed during 
the presentation session 
Female 39 0 
Male 16 13 
 
4.2. Device experiments (DE)  
 
Table 2 is presented to more clearly systematize the number of questions posed during the DE sessions carried 
with the group of only-female students, with the only-male group and with the mixed-gender group. 
 
                                                          Table 2. Number of questions posed by students during DE 
Gender representation of the group Questions posed 
Only female 26 
Only male 262 
Mixed-gender (2 female + 2 male) 67 (26 male, 41 female) 




This section is structured in two parts. Each refers to the relevant findings of the study that constitute evidences 




As previously shown in Table 1, during the individual group meetings throughout the semester girls have posed 
many more questions to the lecturer (39) than boys (16). However, during the presentation session, run in a gender-
balance environment, girls didn’t pose any question, while male students posed 13. We interpret the difference in the 
number of questions posed by male and the number of questions posed by female in the meetings and in the 
presentation session as an evidence of female students being more cooperative than their male counterparts 
(Charness & Rustichini, 2011). Students knew that their performance during the meetings wouldn’t have any 
consequences on their final grades. Meetings were just an extra opportunity for them to receive feedback from the 
lecturer about the work they had done so far, and ask for advice or clarification. Students had been told at the 
beginning of the semester that the final assessment of the MRP would be a combination of two components. The 
first component was the groups’ assessment of the MRP and would be the same for both students in the group. The 
second component was based on the individual performance during the presentation session, for which contributed 
the number of questions each student asked to their colleagues. This second component could vary among each 
group. If during the meetings each group managed to ask all their questions and be clarified, the meetings would be 
successful. Students would leave the room knowing how to improve their MRP and would likely be able to increase 
their group assessment. However, their individual assessment wouldn’t be affected. Female students have 
demonstrated to be more committed to clarify every doubt their group had during the meetings with the lecturer in 
order to improve the overall performance of their group, than to perform well during the presentation session. They 




We also interpret the difference in the number of questions posed by male and by female in the meetings and in 
the presentation session (Table 1) as an evidence of males being more competitive than female students. It was 
obvious that male students devoted a bigger effort to the individual component of their assessment and, thus, posed 
more questions than their female colleagues during the presentation session. Male students were globally more 
strategically competitive than female students, in the sense that male weren’t as strongly committed to those 
situations that could benefit the groups’ assessment - the meetings -, as they were to the situations that would benefit 
each one individually - the presentation session. Our interpretation reinforces what the literature says about males 
being more competitive than females, particularly when competition yields a greater payoff (Hibbard & Buhrmester, 
2010). 
 
6. Conclusions and limitations 
 
Focusing in particular in the number of questions posed by male and female students in two different contexts, 
the findings of this study reveal evidences that support that female students are more cooperative than their male 
counterparts and that male students are more competitive than females. A word of caution about the findings of this 
study is appropriate in the sense that they assume that the students involved in our study were equally cognitively 
capable and individual differences may have affected the groups’ dynamics. To minimize them, further studies 
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